Abstract. Membrane lipids and cytosolic proteins are major targets of oxidative injury. This study examined the effect of heat-shock preconditioning associated with the induction of heat-shock protein 72 on liver injury, from the aspect of lipid peroxidation and protein denaturation after carbon tetrachloride (CCl 4 ) administration in rats -one of the representative oxidative injuries. Male Wistar rats were divided into two groups, group HS (preconditioned by heat exposure) and group C (not preconditioned). Expression of HSP72 in the liver tissue was confirmed by Western blot analysis. After a 48-h recovery period, all rats were given CCl 4 intragastrically. Liver damage was assessed by measuring serum liver-related enzyme levels and adenine nucleotide concentration in the liver tissue. Lipid peroxidation and protein denaturation were evaluated by measuring tiobarbituric acid reactive substances (TBARS) and by immunohistochemical staining of 4-hydroxy-2-nonenal(HNE)-modified proteins in the liver. Survival rates of the rats after CCl 4 administration were also compared. Expression of HSP72 was clearly detected in group HS, but not in group C. Heat-shock preconditioning significantly improved the survival rate, suppressed the increase in liver-related enzyme levels and maintained adenosine triphosphate levels (P<0.01 each). HNE-modified proteins -denatured proteins by free radical attack -were significantly less stained in group HS than in group C (P<0.05). However, TBARS levels did not differ between groups. Because heat-shock preconditioning did not alter TBARS levels but reduced HNE-modified proteins in association with the expression of HSP72, it is suggested that HSP72 did
Introduction
Ischaemia-reperfusion injury is an important issue that remains unsolved. Previous studies have revealed that oxidative injury plays an important role in ischaemia-reperfusion injury of organs, along with alcohol-induced damage of gastric mucosal cells [2] . The target of cytotoxic free radicals is thought to be membrane lipids: peroxidation of unsaturated fatty acids of membrane lipids results in destruction of plasma membranes and causes cell death [22] . Denaturation of proteins by free radicals has also been focused on as an important mechanism involved in oxidative injury [25, 28] : cytosolic proteins aggregate, and enzymes lose their activity. Therefore, many attempts including administration of free radical scavengers have been made to prevent oxidative injury [13, 26] . Recently, heat-shock preconditioning has been proposed as a new strategy to prevent in vitro oxidative injury. Bellmann et al. reported that heat-shock preconditioning reduced cell-lysis following oxygen radical insult [4] .
When cells and tissues are exposed to sublethal heat stress, they acquire tolerance against the subsequent lethal heat stress. This phenomenon is called heat-shock response, and there are many reports that describe the involvement of heat-shock proteins (HSPs) in the acquisition of tolerance. HSPs are the molecules that have been remarkably conserved throughout evolution and are synthesized actively when cells receive sublethal hyperthermia. Among them, HSP72 is considered to function as a 'molecular chaperone' to prevent protein denaturation [11, 27] . As protein denaturation is a fatal cell event, tolerance acquisition of cells may be attributable to the prevention of protein denaturation by HSP72.
The present study was conducted to elucidate the mechanism of heatshock preconditioning to protect the liver from oxidative stress. We examined lipid peroxidation and protein denaturation during carbon tetrachloride (CCl 4 )-induced liver injury and will discuss the role of HSP72 protein in such injury.
Materials and methods

Animal models and treatments
Male Wistar rats (Shizuoka Laboratory Animal Center, Hamamatsu, Japan) weighing 160-180 g (7 weeks) were housed in chip-bedded cages in a specific pathogen-free, airconditioned animal quarter, under 12-h light/12-h dark cycles. They were allowed standard animal chow (Oriental Bioservice, Chiba, Japan) and water (automatic drinker) ad libitum. Rats were divided into two groups. Rats in preconditioning group (group HS) 
